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ACS CIRCUIT 

TECHNICAL FIELD 

5 [0001] The present invention relates to ACS circuits for performing additions and 
comparisons of path metrics and making path selections for Viterbi decoding. More 
particularly, the present invention relates to an ACS circuit for making path selections in 
accordance with metric differences. 
BACKGROUND ART 

10 [0002] Viterbi decoding is a technique in which a data sequence encoded by a certain 
convolution operation is received and then the received data is decoded by predicting the 
most suitable data sequence according to the rules of the convolution operation. Rules of 
a convolution operation can be described as a state transition diagram. And if time 
concept is added to the state transition diagram, a trellis diagram can be described. 

15 [0003] FIG. 9 shows the structure of a convolution encoder typically used in Gigabit 
Ethernet (Ethernet: trademark). The convolution encoder, which includes delay elements 
101, 102, and 103 and adders 104 and 105, is a 2-bit input, 8-state convolution encoder. 
The delay elements 101, 102, and 103 delay an input value by one clock and output the 
delayed value. The adder 104 adds the output of the delay element 101 and the 

20 higher-order bit of input data. The delay element 102 receives the result of the addition 
from the adder 104. The adder 105 adds the output of the delay element 102 and the 
lower-order bit of the input data. The delay element 103 receives the result of the 
addition from the adder 105. And the delay element 101 receives the output of the delay 
element 103. By this process, the delay elements 101 to 103 indicate 3-bit states, i.e., 8 

25 states. 

[0004] FIG. 10 is a trellis diagram for the convolution encoder. The trellis diagram 
shows transitions occurring with respect to states SO, SI, S2, S3, S4, S5, S6, and S7 from 



time (k - 1) to time k and from the time k to time (k + 1). The lines connecting the states 
are called branches. Each branch connects one state to another which is a transition 
destination from that one state. 

[0005] In Viterbi decoding, in order to evaluate the likelihood, i.e., the probability, of a 
5 transition from each state, a "branch metric" is calculated for each branch by using an 
evaluation function. A branch metric is usually calculated as a square error between an 
ideal value and an actually received value. On the other hand, for each state, the 
cumulative sum of the branch metrics for the most likely branches of all branches that can 
reach that state is stored from the start of the decoding. This sum value is called a path 

10 metric. In Viterbi decoding, a branch for which the result of adding the path metric at the 
time (k -1) and the branch metric at the time k is the smallest is determined as the most 
likely branch. That is, an ACS circuit is an Add-Compare-Select circuit which performs 
additions of the path metrics at the time (k -1) and the branch metrics at the time k, 
compares the results of the additions, and selects the most likely branches, so as to 

15 determine the most likely branches. 

[0006] Paths created by connecting the most likely branches obtained at each time are 
called survivor paths. In the trellis diagram, each state has its own survivor path. 
However, as the decoding process proceeds, the survivor paths of all states converge into 
one. The one survivor path thus obtained is the final decoding result produced by the 

20 Viterbi decoding. 

[0007] A conventional ACS circuit uses square calculations for calculating branch 
metrics. This causes a problem in that the circuit is complicated and an overflow occurs 
because each path metric is the sum total of the branch metrics. As a measure to prevent 
the occurrence of path metric overflows, a technique has been known, in which the values 

25 of path metrics are occasionally monitored and at a point in time when an overflow is 
likely to occur, the same value is subtracted from the path metric values of the respective 
states. In this technique, however, after the ordinal processing is performed by the ACS 
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circuit, the overflow determination and the subtracting processing are necessary, causing 
decrease in the processing rate. Therefore, a technique has been developed, in which 
squared terms are deleted in the branch metric calculation by using differential branch 
metrics (hereinafter referred to as "DBMs"), each of which is a difference between branch 
5 metrics, thereby simplifying the calculation, while an overflow is avoided in the path 
metric calculation by using differential path metrics (hereinafter referred to as "DPMs"), 
each of which is a difference between path metrics (see Patent Document 1, for example). 
[0008] Nevertheless, in the ACS circuit in which path selections are made according to 
the metric differences as described above, since a relatively large number of DPMs must 

10 be retained, a retaining circuit of relatively large size is required. For example, in the 
case of the 8-state trellis diagram, the number of path metrics is eight, while the number of 
DPMs is twenty-eight (= 8 C2). Therefore, in order to suppress the increase in the size of 
the retaining circuit, an ACS circuit in which the number of DPMs to be retained is limited 
has been developed (see Non-Patent Document 1, for example). This ACS circuit, 

15 however, uses typical branch metrics in addition to DBMs in calculating the DPMs and 
thus has a problem in that square calculations are necessary. 
Patent Document 1 : Japanese Patent No. 32581 74 specifications 

Non-Patent Document 1: Akira Yamamoto, et al, "A 500MHz 50mW Viterbi Detector for 
DVD Systems using Simplified ACS and New Path Memory Architecture", 2002 
20 Symposium On VLSI Circuits Digest of Technical Papers, pp.256-259 
DISCLOSURE OF THE INVENTION 

PROBLEMS THAT THE INVENTION INTENDS TO SOLVE 

[0009] As described above, the conventional ACS circuit in which path selections are 
made according to metric differences has the problem of the increase in the circuit size. 
25 Now, for an ACS circuit for decoding a data sequence generated by a 2-bit input 8-state 
convolution encoder, a comparison in circuit size will be made between a case in which 
DPMs are used and a case in which DPMs are not used. The former case requires a 
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retaining circuit for retaining 8 path metrics and 32 adders for performing additions of the 
path metrics and branch metrics. The number of adders is based on the fact that four 
branches coming from four states at the immediately previous time are connected to each 
of the eight states. Furthermore, in. the former case, a circuit for preventing overflows is 
5 necessary in addition to these retaining circuit and adders. On the other hand, the latter 
case requires a retaining circuit for retaining 28 DPMs and 400 adders for performing 
additions of the DPMs and DBMs. The number of adders is based on the fact that the 16 
DBMs are associated with each of the 28 DPMs. It should be noted that the number (48 
in total) of adders into which a DPM having a value "0" is input is not counted. 
10 [0010] As described above, the conventional ACS circuit in which path selections are 
made according to metric differences has a relatively high processing rate, but has the 
disadvantage of being extremely large in circuit size. The increase in the circuit size 
causes power consumption increase and hence manufacturing cost increase and is thus not 
preferable. 

15 [001 1] In view of the above problems, it is therefore an object of the present invention to 
suppress circuit size increase as much as possible in an ACS circuit for use in Viterbi 
decoding and to take a measure to prevent a path metric overflow occurring in the Viterbi 
decoding. 

MEANS FOR SOLVING THE PROBLEMS 

20 [0012] In order to achieve the object, inventive means is an ACS circuit, which receives 
differential branch metrics (DBMs), each of which is a difference between any two 
branches related to Viterbi decoding, performs additions of the received DBMs to 
differential path metrics (DPMs), each of which is a difference between any two states, and 
compares resultant DPMs obtained after the additions to select the most likely paths, 

25 wherein of the DPMs, basic DPMs, each of which is a DPM between a path metric for a 
reference state and a path metric for another state, are retained and the most likely paths 
are selected according to the basic DPMs. 
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[0013] Then, all of the DPMs do not have to be retained and it is sufficient if just some 
of the DPMs, i.e., the basic DPMs are retained. Therefore, the size of the circuit for 
retaining the DPMs is relatively small. In addition, in the ACS circuit, the most likely 
paths are selected according to the metric differences. This eliminates path metric 
5 overflows without decreasing the processing rate. 

[0014] Specifically, the ACS includes: a basic DPM retaining section for retaining the 
basic DPMs; a basic DPM calculating section for calculating the basic DPMs; a reference 
DPM calculating section for calculating reference DPMs, which are DPMs other than the 
basic DPMs and necessary for the basic DPM calculation by the basic DPM calculating 

10 section; a basic DBM calculating section for calculating basic DBMs of the DBMs, the 
basic DBMs being necessary for the basic DPM calculation by the basic DPM calculating 
section; and a path selecting section for selecting the most likely paths for the Viterbi 
decoding in accordance with the basic DPMs retained by the basic DPM retaining section, 
the reference DPMs calculated by the reference DPM calculating section, and the basic 

15 DBMs calculated by the basic DBM calculating section, wherein the basic DPM 
calculating section calculates new basic DPMs in accordance with the basic DPMs retained 
by the basic DPM retaining section, the reference DPMs calculated by the reference DPM 
calculating section, the basic DBMs calculated by the basic DBM calculating section, and 
results of the most likely path selection by the path selecting section. 

20 [0015] Then, as to the DBMs, it is sufficient if just the basic DBMs, which are DBMs 
necessary for the basic DPM calculation, are calculated. Furthermore, as to the DPMs, it 
is sufficient if just the reference DPMs, which are DPMs necessary for the basic DPM 
calculation, are calculated in addition to the basic DPMs. 

[0016] Preferably, the basic DBM calculation by the basic DBM calculating section and 
25 the reference DPM calculation by the reference DPM calculating section are performed by 
parallel processing. 

[0017] Also, preferably, the reference DPM calculating section calculates each of the 



5 



reference DPMs by subtracting one of the basic DPMs retained by the basic DPM retaining 
section from another. 

[0018] Specifically, the basic DPM calculating section selects basic DPMs and basic 
DBMs, from which the new basic DPMs are calculated, from the basic DPMs retained by 
5 the basic DPM retaining section, the reference DPMs calculated by the reference DPM 
calculating section, and the basic DBMs calculated by the basic DBM calculating section, 
in accordance with the results of the most likely path selection by the path selecting section, 
and performs additions of the selected basic DPMs and the selected basic DBMs, thereby 
calculating the new basic DPMs. 

10 [0019] Also, specifically, the basic DPM calculating section adds each of the basic 
DPMs retained by the basic DPM retaining section and the reference DPMs calculated by 
the reference DPM calculating section to each of the basic DBMs calculated by the basic 
DBM calculating section to thereby calculate candidates for the new basic DPMs and 
selects the new basic DPMs from the candidates in accordance with the results of the most 

15 likely path selection by the path selecting section. 

[0020] Also, specifically, the path selecting section assigns different path selection 
numbers to branches related to transitions to states in the Viterbi decoding and outputs, as 
the results of the most likely path selection, a path selection signal indicating one of the 
path selection numbers. 

20 EFFECTS OF THE INVENTION 

[0021] As described above, according to the present invention, in an ACS circuit in 
which a path selection is made according to metric differences, a circuit for retaining 
DPMs is reduced in size. Moreover, it is sufficient if just a minimum necessary number 
of DBMs (basic DBMs) and DPMs (basic DPMs and reference DPMs) are calculated. 

25 Therefore, the number of adders and other computing elements that must be provided in 
the ACS circuit is relatively small. Consequently, the circuit size of the entire ACS 
circuit is small and power consumption and manufacturing costs are also reduced. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0022] [FIG. 1] FIG. 1 shows the configuration of an ACS circuit according to a preferred 
embodiment of the present invention. 

[FIG. 2] FIG. 2 illustrates the internal configuration of a basic DPM calculating 

5 section. 

[FIG. 3] FIG. 3 illustrates the internal configuration of a reference DPM 
calculating section. 

[FIG. 4] FIG. 4 illustrates the internal configuration of a path selecting section. 
[FIG. 5] FIG. 5 illustrates the internal configuration of an SPNO output section in 
10 the path selecting section. 

[FIG. 6] FIG. 6 shows tables indicating rules for generating basic DPMs. 
[FIG. 7] FIG. 7 illustrates the internal configuration of a DPM01 calculating 
section in the basic DPM calculating section. 

[FIG. 8] FIG. 8 illustrates the internal configuration of another DPM01 calculating 
1 5 section in the basic DPM calculating section. 

[FIG. 9] FIG. 9 shows the structure of a convolution encoder typically used in 
Gigabit Ethernet (Ethernet: trademark). 

[FIG. 10] FIG. 10 is a trellis diagram for the convolution encoder shown in FIG. 9. 
EXPLANATION OF THE REFERENCE CHARACTERS 
20 [0023] 1 1 Basic DPM retaining section 

12 Basic DPM calculating section 

1 3 Reference DPM calculating section 

14 Basic DBM calculating section 

1 5 Path selecting section 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] Hereinafter, preferred embodiments of the present invention will be described 
with reference to the accompanying drawings. For the sake of convenience, the following 
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descriptions will be made assuming that Viterbi decoding based on the trellis diagram 
shown in FIG. 10 is performed. It should be noted that the present invention is not 
limited to the Viterbi decoding based on that trellis diagram. 

[0025] First of all, the reference characters used in the following descriptions will be 
5 described. A branch metric will be denoted by "bij", which means a branch for making a 
transition from a state Si to a state Sj. For example, "b02" represents a branch for making 
a transition from a state SO to a state S2. The reference character "DBMs" means general 
differential branch metrics. The reference character "DPMij" indicates a DPM between a 
path metric for the state Sj and a path metric for the state Si. For instance, if a path metric 
10 for the state SO is PMO and a path metric for the state S2 is PM2, 
DPM02 = PM2-PM0. 

The simply written reference character "DPMs" means general differential path metrics. 

[0026] FIG. 1 shows the configuration of an ACS circuit according to a preferred 

embodiment of the present invention. The ACS circuit of this embodiment includes a 
15 basic DPM retaining section 11, a basic DPM calculating section 12, a reference DPM 

calculating section 13, a basic DBM calculating section 14, and a path selecting section 15. 

The basic DPM retaining section 11 retains basic DPMs, each of which is a differential 

path metric between a path metric for a reference state and a path metric for another state. 

The basic DPM calculating section 12 calculates the basic DPMs. The reference DPM 
20 calculating section 13 calculates reference DPMs, which are DPMs necessary for 

calculating the basic DPMs. The basic DBM calculating section 14 calculates basic 

DBMs, which are DBMs necessary for calculating the basic DPMs. The path selecting 

section 15 selects the most likely paths for the Viterbi decoding. 

[0027] The basic DPM retaining section 11 retains DPM01, DPM02, DPM03 DPM04, 
25 DPM05, DPM06, and DPM07, as the basic DPMs. That is, the basic DPM retaining 
section 11 retains, as the basic DPM, each DPM between a reference state, which is the 
state SO, and another state. 



[0028] The basic DPM calculating section 12 newly calculates basic DPMs and outputs 
the calculated new basic DPMs to the basic DPM retaining section 11. FIG. 2 illustrates 
the internal configuration of the basic DPM calculating section 12. The basic DPM 
calculating section 12 includes a DPM01 calculating section 121, a DPM02 calculating 

5 section 122, a DPM03 calculating section 123, a DPM04 calculating section 124, a DPM05 
calculating section 125, a DPM06 calculating section 126, and a DPM07 calculating 
section 127, which calculate DMP01, DMP02, DMP03, DMP04, DMP05, DMP06, and 
DMP07, respectively, each of which is a basic DPM, according to the basic DBMs 
calculated by the basic DBM calculating section 14, the basic DPMs retained in the basic 

10 DPM retaining section 11, and the reference DPMs calculated by the reference DPM 
calculating section. The configuration of these calculating sections will be described in 
detail later. 

[0029] The reference DPM calculating section 13 calculates the reference DPMs from 
the basic DPMs retained in the basic DPM retaining section 11. FIG. 3 illustrates the 

15 internal configuration of the reference DPM calculating section 13. The reference DPM 
calculating section 13 includes a DPM12 calculating section 301 for calculating a DPM12, 
which is a reference DPM, a DPM 14 calculating section 302 for calculating a DPM 14, a 
DPM 16 calculating section 303 for calculating a DPM 16, a DPM23 calculating section 
304 for calculating a DPM23, a DPM24 calculating section 305 for calculating a DPM24, a 

20 DPM25 calculating section 306 for calculating a DPM25, a DPM26 calculating section 
307 for calculating a DPM26, a DPM27 calculating section 308 for calculating a DPM27, a 
DPM34 calculating section 309 for calculating a DPM34, a DPM36 calculating section 
310 for calculating a DPM36, a DPM45 calculating section 311 for calculating a DPM45, a 
DPM46 calculating section 312 for calculating a DPM46, a DPM47 calculating section 

25 313 for calculating a DPM47, a DPM56 calculating section 314 for calculating a DPM56, 
and a DPM67 calculating section 315 for calculating a DPM67. Each reference DPM is 
obtained as a difference between basic DPMs. That is, DPMij, which is a reference 
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DPM, is expressed as 
DPMij = DPMOj - DPMOi. 

The reference DPMs thus can be calculated without performing particularly complicated 
calculations. The reference DPMs necessary for the calculation of the basic DPMs will 
5 be described in detail later. 

[0030] The basic DBM calculating section 14 receives a convolutionally encoded data 
sequence and outputs a difference between a specific pair of branch metrics. A branch 
metric is generally a square error between input data and its ideal value. To be specific, a 
branch metric is expressed as 
10 bij = (D-Yij) 2 

where D represents input data and Yij indicates an ideal value. On the other hand, a 
DBM is expressed as 

DBM = bij - bkl = (D - Yij) 2 - (D - Ykl) 2 = (Ykl -Yij) (-Ykl -Yij + 2D). 
By the use of DBM, the squared term appearing in the branch metric calculation is thus 
15 deleted. In the above equations, since Ykl and Yij are constants, 
DBM = C0 + C1D 

where CO and CI are fixed values. In this manner, the basic DBM calculating section 14 
calculates each basic DBM by performing one multiplication and one addition for the input 
data and is thus realized by a relatively simple circuit configuration. The basic DBMs 

20 required for the calculation of the basic DPMs will be described in detail later. 

[0031] The path selecting section 15 receives the basic DBMs, the basic DPMs and the 
reference DPMs and outputs path selection signals each indicating the most likely branch 
for a state. FIG. 4 illustrates the internal configuration of the path selecting section 15. 
The path selecting section 15 includes, as path selection signal output sections, an SPN0 

25 output section 150 for outputting a path selection signal SPN0 corresponding to the state 
SO, an SPN1 output section 151 for outputting a path selection signal SPN1 corresponding 
to the state SI, an SPN2 output section 152 for outputting a path selection signal SPN2 

10 



corresponding to the state S2, an SPN3 output section 153 for outputting a path selection 
signal SPN3 corresponding to the state S3, an SPN4 output section 154 for outputting a 
path selection signal SPN4 corresponding to the state S4, an SPN5 output section 155 for 
outputting a path selection signal SPN5 corresponding to the state S5, an SPN6 output 
5 section 156 for outputting a path selection signal SPN6 corresponding to the state S6, and 
an SPN7 output section 157 for outputting a path selection signal SPN7 corresponding to 
the state S7. In the trellis diagram shown in FIG. 10, to each of the eight states, a total of 
four branches coming from four states at the immediately preceding time are connected. 
The path selecting section 15 selects, for each of the states, the most likely branch from the 

10 four branches that are connected to that state and outputs a path selection signal that 
indicates the selected branch. Now, the SPNO output section 150 will be discussed as an 
example of the path selection signal output sections. The other path selection signal 
output sections are configured in the same manner as the SPNO output section 150. 
[0032] FIG. 5 illustrates the internal configuration of the SPNO output section 150. The 

15 SPNO output section 150 assigns a 2-bit path selection number to each of the four branches 
related to a transition to the state SO in the order of ascending state numbers of the 
transition-source states, and outputs this path selection number as the path selection signal 
SPNO that corresponds to the state SO. Specifically, when the selection branch is bOO, the 
path selection number is "0"; when the selection branch is b20, the path selection number 

20 is "1"; when the selection branch is b40, the path selection number is "2"; and when the 
selection branch is b60, the path selection number is "3". 

[0033] An adder 51 adds the DPM02, which is a basic DPM, and (b20 - bOO), which is a 
basic DBM. That is, the adder 51 outputs the result produced by subtracting the path 
metric obtained when the branch whose path selection number is "0" is selected, from the 
25 path metric obtained when the branch whose path selection number is "1" is selected. A 
signal determination section 52 receives the result of the addition from the adder 51 and 
outputs a signal sigl, which is "1" when the addition result is a negative value, and "0" 



when the addition result is other than a negative value. Similarly, an adder 53 outputs the 
result produced by subtracting the path metric obtained when the branch whose path 
selection number is "2" is selected, from the path metric obtained when the branch whose 
path selection number is "3" is selected. A signal determination section 54 receives the 
5 result of the addition from the adder 53 and outputs a signal sig2, which is "1" when the 
addition result is a negative value, and "0" when the addition result is other than a negative 
value. 

[0034] When the signals sigl and sig2 are both "0", a selector 55 outputs the result 
obtained by subtracting the branch metric for the branch whose path selection number is 

10 "0" from the branch metric for the branch whose path selection number is "2". When the 
signal sigl is "0" and the signal sig2 is "1", the selector 55 outputs the result obtained by 
subtracting the branch metric for the branch whose path selection number is "0" from the 
branch metric for the branch whose path selection number is "3". When the signal sigl is 
"1" and the signal sig2 is "0", the selector 55 outputs the result obtained by subtracting the 

15 branch metric for the branch whose path selection number is "1" from the branch metric 
for the branch whose path selection number is "3". When the signals sigl and sig2 are 
both "1", the selector 55 outputs the result obtained by subtracting the branch metric for 
the branch whose path selection number is "1" from the branch metric for the branch 
whose path selection number is "3". 

20 [0035] When the signals sigl and sig2 are both "0", a selector 56 outputs the DPM (the 
basic DPM04) obtained by subtracting the path metric for the state SO, which is the starting 
point of the branch whose path selection number is "0", from the path metric for the state 
S4, which is the starting point of the branch whose path selection number is "2". When 
the signal sigl is "0" and the signal sig2 is "1", the selector 56 outputs the DPM (the basic 

25 DPM06) obtained by subtracting the path metric for the state SO, which is the starting point 
of the branch whose path selection number is "0", from the path metric for the state S6, 
which is the starting point of the branch whose path selection number is "3". When the 
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signal sigl is "1" and the signal sig2 is "0", the selector 56 outputs the DPM (the reference 
DPM24) obtained by subtracting the path metric for the state S2, which is the starting point 
of the branch whose path selection number is "1", from the path metric for the state S4, 
which is the starting point of the branch whose path selection number is "2". When the 
5 signals sigl and sig2 are both "1", the selector 56 outputs the DPM (the reference DPM26) 
obtained by subtracting the path metric for the state S2, which is the starting point of the 
branch whose path selection number is "1", from the path metric for the state S6, which is 
the starting point of the branch whose path selection number is "3". 

[0036] An adder 57 adds the output of the selector 55 and the output of the selector 56. 

10 A signal determination section 58 receives the result of the addition from the adder 57 and 
outputs a signal sig3, which is "1" when the addition result is a negative value, and "0" 
when the addition result is other than a negative value. A selector 59 outputs the signal 
sigl when the signal sig3 is "0", and outputs the signal sig2 when the signal sig3 is "1". 
And the output of the selector 59 becomes the lower bit (SPN0[0]) of the path selection 

15 signal SPN0 and the signal sig3 becomes the higher bit (SPN0[1]) thereof. 

[0037] In this embodiment, the path selection numbers are assigned to the branches 
connected to each state in the order of ascending state numbers of the transition-source 
states. However, the path selection numbers do not necessarily have to be generated in 
this order. 

20 [0038] Next, the DPM01 calculating section 121 will be described as an example of the 
DPMOm calculating sections (m is an integer from 1 to 7) for calculating the basic DPMs 
in the basic DPM calculating section 12. The other DPMOm calculating sections are 
configured in the same manner as the DPM01 calculating section 121. 
[0039] Before providing a description of the specific configuration of the DPM01 

25 calculating section 121, generation of the DPM01 will be discussed. FIG. 6 shows rules 
for generating the basic DPMs at the time k. FIG. 6(a) shows rules for generating the 
DPM01 at the time k. The DPM01 (k), which is the DPM01 at the time k, is calculated 



as the sum of the DBM and the DPM (k - 1) selected according to the path selection 
signals SPNO and SPN1. For instance, when the path selection signals SPNO and SPN1 
are "0" and "1", respectively, 
DPM01 (k) = (b21 - bOO) + DPM02 (k - 1). 
5 The DPM (k - 1) indicates the DPMs at the time (k - 1), which is the time immediately 
before the time k. The basic DPMs other than the DPM01, i.e., the DPM02, the DPM03, 
the DPM04, the DPM05, the DPM06, and the DPM07, are generated according to the 
rules shown in FIGS. 6(b), 6(c), 6(d), 6(e), 6(f), and 6(g), respectively. 
[0040] As already described, the DPMs that the ACS circuit of this embodiment retains 

10 are only the seven basic DPMs. The generation rules shown in FIG. 6, however, indicate 
that the calculations of the basic DPMs require DPMs other than the basic DPMs. It is 
the reference DPM calculating section 13 that calculates those DPMs other than the basic 
DPMs. As already mentioned, each reference DPM is easily calculated as a difference 
between basic DPMs. Furthermore, the reference DPMs necessary for the calculations of 

15 the basic DPMs are those at the time immediately before the time of the calculations of the 
basic DPMs. To be specific, to calculate new basic DPMs, the basic DBMs calculated by 
the basic DBM calculating section 14, the basic DPMs at the immediately preceding time 
that are retained by the basic DPM retaining section 11, and the reference DPMs each 
obtained by the reference DPM calculating section 13 as a difference between basic DPMs 

20 at the immediately preceding time may be used. 

[0041] It is not necessary to calculate, as the reference DPMs, all of the DPMs other than 
the basic DPMs. In the case of the trellis diagram shown in FIG. 10, of the total of 
twenty-eight DPMs, seven DPMs are the basic DPMs and the other twenty-one DPMs can 
be the reference DPMs. Of these twenty-one DPMs, the reference DPMs that are actually 

25 needed are the fifteen DPMs shown in FIG. 3. Therefore, the other six DPMs do not have 
to be calculated. As to the DBMs, those that are necessary for the calculations of the 
basic DPMs, that is, only the basic DBMs, may be calculated. 
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[0042] Next, the specific configuration of the DPM01 calculating section 121 will be 
discussed. FIG. 7 illustrates the internal configuration of the DPM01 calculating section 
121. The DPM01 calculating section 121 calculates all possible values that can be 
candidates for the DPM01 in accordance with the generation rules shown in FIG. 6, selects 
5 one from the calculation results according to the path selection signals SPNO and SPN1, 
and outputs the selected result. FIG. 8 illustrates the internal configuration of another 
DPM01 calculating section 121 having a different configuration from the configuration 
shown in FIG. 7. The DPM01 calculating section 121 shown in FIG. 8 selects a DBM 
and a DPM required for the calculation of the DPM01 according to the path selection 

10 signals SPNO and SPN1, adds the selected DBM and DPM, and outputs the result. 

[0043] As described above, in this embodiment, since only the basic DPMs are retained, 
the retaining circuit is reduced in size as compared with the conventional circuit. 
Furthermore, as to the DPMs, it is sufficient if just the basic DPMs and the reference 
DPMs are calculated. Therefore, the number of adders required for the DPM calculation 

15 is smaller than that in the conventional circuit. Specifically, in the case of the trellis 
diagram shown in FIG. 10, the conventional ACS circuit needs to retain the twenty-eight 
DPMs, while the ACS circuit of this embodiment needs to retain only seven DPMs (the 
basic DPMs). Also, in the conventional ACS circuit, 400 adders are necessary for the 
DPM calculation. In the ACS circuit of this embodiment, on the other hand, the number 

20 of necessary adders (including subtractors) is 115, which is the sum of 100 adders for 
calculating the basic DPMs and 15 subtractors for calculating the reference DPMs. 
Moreover, if the DPMOm calculating section shown in FIG. 8 is adopted, the number of 
adders is reduced to 25. 

[0044] As compared with the conventional ACS circuit, the ACS circuit of this 
25 embodiment first calculates the basic DPMs and then calculates the reference DPMs. 
Therefore, it may seem that in the ACS circuit of this embodiment the processing time will 
be increased by the reference DPM calculation. However, the time at which the basic 



DPM (k) and the reference DPM (k) at the time k are actually necessary is the time at 
which new basic DPMs at the time (k + 1) are calculated. Therefore, the reference DPMs 
at the time k may be calculated simultaneously with the calculation of the basic DBMs at 
the time (k + 1). In other words, the reference DBM calculating section 14 and the 
5 reference DPM calculating section 13 may be operated in parallel. Then, the reference 
DPM calculation will not cause increase in the processing time. 

[0045] Also, in the foregoing descriptions, the state SO is the reference state, but any 
other states may be the reference. 
INDUSTRIAL APPLICABILITY 
10 [0046] As described above, the ACS circuit according to the present invention, in which 
a measure to prevent a path metric overflow occurring in Viterbi decoding is taken while a 
relatively small circuit size and a relatively high processing rate are maintained, is 
applicable to error correction techniques in read channel systems in communications, 
optical disks, and magnetic disks. 
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